Introduction
• We will consider shallow water flows through a contraction, experimentally, analytically and numerically.
• Large variations in water discharges through contracting channels can lead to dramatic changes in the flow state.
• E.g. contraction flow with two oblique hydraulic jumps: • Three multiple steady states in regions (i/iii/iv): • Flow transition induced by an upstream avalanche of polystyrene beads: 
Multiple Steady States: 1D Theory
• Steady-state and "shock" solutions of dimensionless 1D cross-sectionally averaged shallow water equations:
• with velocity u = u(x, t), depth h = h(x, t),
• Froude number F l = F 0 upstream or F l = F m at the contraction entrance, and
• quadratic friction with coefficient C d .
• Yielding the demarcation lines in Fig. 3 (thin:
Supercritical Flows: 2D Theory • Existence of 2D oblique hydraulic jumps for zero bulk friction when:
• the downstream angles θ 2m+1 or θ 2m+2 can be calculated for Froude numbers above a critical F 0 , or • The demarcation between supercritical (smooth) solutions and upstream moving jumps is determined with 1D hydraulic theory, 2D theory for oblique hydraulic jumps, and by numerical simulations. 
Conclusions
• Experiments and 1D theory with turbulent friction match reasonably well.
• 1D theory demarcates the 2D supercritical flow boundary surprisingly well, for inviscid bulk flow.
• Extension to 2D hydraulic and morphodynamic theory of oblique jumps in progress.
